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<54) METHOD AND DEVICE FOR CMP, METHOD AND SYSTEM 
-FORMATION AND INTEGRATED CIRCUIT DEVICE 

<57)Abstract: 

PROBLEM TO BE SOLVED: To prevent erosion and 
dishing of a damascene wiring when a conductor is 
subjected to first polishing until a barrier film is exposed, 
and thereafter a barrier film is subjected to second 
polishing until an interlaminar film is exposed for forming 
a damascene wiring of a circuit base wherein a 
conductor is deposited via a barrier film in a recessed 
groove of an interlaminar film. 

SOLUTION: A surface of a circuit base is cleaned {Step 
T4) by treatment liquid before second polishing (Step T7) 
after it is subjected to first polishing (Step T2). 
Consequently, complex generated by reaction between 
polishing liquid and a conductor of first polishing can be 
removed before execution of second polishing, thus 
preventing erosion and dishing of a damascene wiring. 
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x me^* ') 7m*mm-r •& £ r-mummw^mm t . 
z ©a* u T^Tj^tti-r -s * nfcHufeiHigssM© 

c©&JI}&TM#<fc£*ifciftiEln]!&SM©«H£ U >x 

mmm £ «s& l &a« £> KJiT&i® l t etrs zm r$m-t>m ta 

CMP 

2 ] if1jE^m<*£ffl^T£i!tfEl5]S8S«©3l 

mommt. z<D&mw&(»M%mmmz£.z>mmtv> 

OCMPA'S. 

z\<Dmmm&<DfiiifcmwMiz£z>mftit<7>&mt. c© 

©^v-SBttTJIfT ^ftS. nl*^ 1 iCl2SEC0CMP^7 
B©£Sii£, c©«iSiti£©nuE&a&KJ:£}ffif>{fc;© 

c ©«#{fciS!g©ii3E u > z>«f ic«t 58fc#©igiB#7 7 
->gB«Tftff sns. m&mi iceswcmp^su 

gKMrtMSJEICEEfg^n*. jfit#«5 ICEtt©CMP;5 
i£. 

C ©A* 'J 7Blrt*g mr -5 £ T^i® £ ttifc iWElEl&S*tt © 



2 

Z<D<) >^«Tjjt»S>l*WIEEIIS*tt<0*BB*Hf36<0 
fiff L &*< 6 BJET*iB LT WEIiMH*»«fai 

w co m mbi*j jtasr * $ r-&a s su e@tt£&<K>s 

CMP #i£. 

IsS^S] ftilE3f«<*:€-OTMrr-&ffiei3ft£tt<&$ 

#fc©}gi®£. rcoff#{tjS«coHuEU > X «*!::£ -5 £§ 

[gf*«9] 65E«ti«:*-W^T-5i^«fltlE0«SS 
Mco«H(cflfiE/Vy Kg&tttfiSEEtcHEifcSi'l. 
WESB-Iel B is J: tf*&EJB-|5Ni ©ft#£ miEi?liM:£ 

iCSES&tlS. B#JB8fcE«©eMP35ffi. 

[§i#^ i 0 ] fliiE^«4**w«f s-neeiKStte 

C©SiaE-a©*SEU >X^(c«t-&m-lElS©Sfeff'©^ 
j@ £ ffiEJ&SifclC <}: -SiS^-ft©^)^ huE 'J > X 

n^>. li*a7»CE*©CMP^. 

1 1 ] HuE^m^^wa-r^HtfEiHisss^-© 

r©^ilfi^©BtiE'J >XjatlC<t«>m-feI.B©^©jS 
r ©«fe»ifi*©fl9E«ia«ir * Si* iMfc©«a7Sn»E/t 

r ©t*#Ytifi«©fl5E 'J > Xi^lc J: S^IhI S ©gt#© 
Sii^HuE^5-->^«-eHfT$ns. W*3B7KE«© 

cMPm 

vm#mi 2] B5E«m»srP«-r'5i#«*9EiHiK 

S3Ei*#<k©i:#^«B5E@KS«©*®Cfi3E^-> K 

csi^JB 1 3 ] mRmm»tfic u^e.&o, 

(elg§S«©^Stc^S Lite u #«!K3©I8#*^E©S 

n^-WcE*© CMP 
{ 6S*« 1 4 ] huE U >X b /«£ 0 . 

3 ©fnjtl^-^lcE©© CMP 

im*mi 5] WE7>*^7tK**7>«E^7«»* 
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£ tt. 2> , 1 4 IC IE® © C M P Ar£» 

w tc J: 0lW8EW««**«*SSn2>l»aElsI 

K 'J 'J >^¥St. 

^ ©fg- u > x ^is ic «fc o flffie u > x «fi7 , /#t*$ ^ n •& m 

gEIUSSStt ©3! 15 £{£EETl£i! L Tgfe#T -5 ^ 
Si. 

gSS«©aa5^^JET-^igLTmiffi^raHS^tti-r-5* 

z v>m,-wm^ w iz «t o ii $ * fc H58Eiuifss« ©« is 

ga@KS«©»8ii«rl&ffiT«5^LTgtT*-r2>mHSfeff># 

Cfi«*^i ?] Rff^/i^->©iHi3i^BK$nfc»ira 

c ©m-«*g^S: IC «fc 9 inl tEW^if^lMS fKrgeiU 
K*«©«DS<&iSJIT«j@ LTmJgEA U 

C©m-'J >X^J£IC<fcO BUSED >Xj*#flH&3*i*IW 
SElHl8Sa«©SffiS:fiffiT«lj@LT«fe^-rsm-«cf*^ 

Si- "0 

z ©m-st#^ &Ti5t#$ nfeRfifE[5i?sa«©sffiicR»f 

£. 

gEIUS§S«©^ffi^i£)ET"^i§ L.Ti*rt>-r^m=Sfe#^ 
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r ©«nW«#aiC«t 0 W«Stl3tl»IEE«S*«<03Effii 

:©seu >7.¥atciOHM5a'j n&iifr 

sElel?Sa«©^ffi^#/ET'^iSl.TSt^-r-5^Hgfe#^ 
Si. S:lilTl^CMPgI. 

c ©jg ramvmmizmfert?- xoeim&iiMLL . 
r ©Q3?i*^fi£^ fttcmzmfflmnmmiz a* d rm&m 

C ©A* >J 7M*f»lftdn^meiMQIlO^(cWI4««; 
C©lH]?SS«^gS^l 1 5©.15JtlA^-^iIgE« 

© c m p A-jiT-c m p «as-r & ztiz^v mimmmv> 
si?— >&m&mf&-f & . ®s§ff2>s#i£ . 

Si©*liicAU 7BM^JKBK-r-£»'N*U 7ffi5e£3H&£, 
C©A' U T^fS^SlCi 0 iiiJSEA 'J 71M<»JS-S*'lfc*r 

is era m © « s it *tms * TfiKtttt p b£T 
pmmLxmimmm^mmizmfz^'JTm^Lxm. 

7 lzlEft©CMP^S<h. £*«ILTt,>-5'(s]S§ 

[gi*^ 2 o ] mmm i 8 izmm.wm&w&LJsmx'm 
ffiiZMfflm<D{Bffiizffi$zrtOTm&irLTmwLtzffim 
s. 

[f6Bj©g¥«afci&g>n 

[0 0 0 1 ] 

fr-^mtilWllzwm-t&CMP (Chemical Mechanical Pol 
ishi ng) *-j£*3i SB . c © CMP i S«* 

X^A. £ ©iHi?s^p5c^-*iT-y v -> >E***.«f as *ax 

[0 0 0 2] 



2 O O 2 - 1 4 1 3 1 .2 
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[0 0 0 3] ST. ^-T-fif^JchLT^J^-r^CM 

&&mcD$2mmm-?<bz>\°}$&mtt 2 o o^cMPgi i 

0 o izmx-t^^oizmm^tixi^, 

[0 0 0 4 ] ctOft^MiC^, ±izE^lEl^^/5jc->^^A 
^CMPgll 0 OiI«5A-r^>fHlKS«2 0 OH iai 
5 (a)iC^i-«t"5tZ, >-'J:3>52<7>[H]gSS«*2 0 1 <D& 

-<o/irpi^2 o 2 <Dmmizmfe/^?->(DWffi2 o 

3 7lW$tlTt^c w»lH3#l 2 0 3rfBJ&2 tltzMM 
12 0 2(7)^®tl^>^;U^b^^/N'JT8E2 0 4//i 

2 0 2<^^ffilCC u^Vb/ci:^^m^2 0 5#U£*fi£*lT 

[0 0 0 5] ^C0ct-9^^<DfE]gSa«2 0 Ot^J&A2 

wcMPgu ooii m 3ir^Tcte)^> mm^ 

M*#l 0 1 &Krf^mVi£Bl 0 2££#MiILT:fc9, 

iri^s«2 o ococMPffla**fT-L, iraign 
[0006] :©j&igg*#i o i a, la i 4tc^-r 

1 1 0#«AS*lfclEjftS**2 0 OS:«)$tS. fflSfi 

1 0 1 15, «J#SS« 1 1 0 £ £ h iZ (elKStt 2 0 

0 ^«JMUT&mtClBET^«5iia^ fflSltfl 
LT&CK CCD»2l««iCj:«>lHlgSS«2 0 0 a>»2t« 

atta. hiii tm~wm^--y h 1 

1 2 ti!fe#«;«a.^^ Ml 3 £7WB#tcE«S*lTl> 
[0 0 0 7] ^-ffifi 7M 1 1 tt, ^ U 3? >/1 y 

2 oa, 2 3 izmm^nxmmmm(m 
stcii, »-«is*ar**««fl«&««»i 2 i tis- 

[0 0 0 8] 2 1 tt, KS«1 2 0 

1 2 2tt, '*B*36^6tt*U>X«S:«*&-r*. 

c:co<j:^> ic u >*«a*#*s s tis late e a 
? K«a 1 2 o^±sic, is&flMftutttttttt i i o iz 
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[0 0 0 9] g-fiazy h 1 1 2*>»-W« 

KSg« i 3 o tmmi&t&mffi i 3i.tu >x«*&«* 1 

3 2£*A*LTl>**«, S^flaz^ M 1 1 HC 

10 {0 0 10] ZLOtztb* m—mmZL-y h 1 1 1 T'teEf 

tiX^ffi. irfgar^M 12T1i7;^t^ 
*-$*lT*5'K /V^'KSWl 2 0, 1 3 0-©«tt&4*fe 
§1— »z:W*:x - hill. 11 2^ttfflSlc*SBL 

[00 11] ±i^(OJ:5a:«iS(Oiatt^J5E>'^5 L A-tC<k 

1>T, 0882**2 0 0*»«l/TCMP8U 0 o izm 

20 0 0**»fltS*l3>»&* .yy3>JS!O|SBIfi2 0 1<D 
»lBJCK{t«»«^ 2 0 2WtML2tt. - 

0JMQR2 0 2<D&mizmj£rt9 — ><D1!!lM2<) 3tm 

[0012] Z <DWm 2«03 tfi»f£i£tiltJKBm 202 
©«B*1* "J 7«*2 0 4aWWfc£*U 

cu^e,^st#2 o 5^«a$nSc ^ 1 5 (a) 

£<Z>lsl»S*}2 0 0RMP8U .0 Oiw-JRA-SiUS. 
30 [0 0 13] ^(DCMPgll 0 OTil PI 6tCij^r 
■fci'lc." fflS£ff;zM*i 0 HcKA£.h*iaRX#2 0 
0 1 1 0T'§.)t^Tf-fia-7 h 1 1 
1 ft»BS*l4 Uf-^S l)c C<Z)|gB*«2.0t) 
*«»«|.S*1**— mmz-—y hill Ttt. /ty Fffitt 

1 2 O^TK^^l^tciElfeKKSn, ^<0±ffiJcP»«*& 

urn 2 lfttemttftffRiesti*. 

[OX) 1 4 ] fit, Ell 4 {Z^Tct ^(1. Z<D£oU 
Vtm<D;*y KSB« 1 2 0<D±SiC^If&*«2 0 0 #4 
si : pound square inch) ggcO^/E^EE^.tlT^fe^ 
40 fi&CDT, SI 5 (b) ir^-T^^lC CtlT4ElSSS«2 
0 0ttAiJ78 2 0 4*«fflt5iT»t-»2-0 5tWW 
8Sftft(Xf7/S 2). 

'[0 0 15) -D^iZ. Z.<DW,-fflmZL-y hi 1 It 
I4» /^y HfiB«l 2 0O±B-«CBE»iS*lTt^«jHFB»« 

2 0 0<OJE**M tosi)SS(Ofi:ffi*T.(S«S.*l, ^ 
/1 y hSKtt 1 2 0 (0±S(C 'J > ^ 1 2 2*6 U 

0 0cr)«S*St#$n^>{A^^yS 3)c 
{0 0 16] ±i^<D<kOlZ^—mm^-ZZy fl 1 1 T<D 
so W»tSfe»t*i«7-r«>i:lHlBS*«2 OOllirSffa 



(5) 



'M82 0-0-2- 14 13 12 
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IBK$nTfiJf^^^#t^$n^/V> KSB« l 3 Otf)±ffi 

ic(Ei?sa«2 o 0^4 (psi)(ossjEJcffi«ansoTu 

v^y^S 5), 01 5 (cJJCS-TctilC, cnTfHlgSS 
«2 0 OttJBPifllK2 0 2^SSttST^)STAU7Bi2 0 4 

[0 0 17] $£IC, [HI81M2 0 OCDJES^l (psi) 
(0<£JESTig:«StlT/1^ Kffitt 1 3 0(7)±oSi;:'J 

ztiT*mm2tiTzm9&mi2 o o 
©^as3&«jsfe#sn«) ux^^s 6). ^cDct^icm^w 

gaz7hl 1 2T(DW«t»fe»t^*l7-r*i-- DUB 
S«2 0 0tt«t#ttJft3-^y h 1 1 3 £T&©j£*lTi$t 
^ii.tUCKiSSnU^^^S 7, S8K £G>tt«s*i 
fcl£lBg«2 0 O^CMPgi 1 O O^bffiiti^n^ 
Ut7^S 9). 

[0 0 18] :©CMPgll 0 Otf>£>«£b£*lfclUffi 
S«2 0 Oti, flft^/^ — ><DDDiS2 0 3iC^m^2 0 

[0 0 19] 

5 (c*rr AU7IBI2 0 4**«ttir**TW.*4* 

2 o sfimmztiTfrb, n B3K2 o 2//asai-r**T 

SftfcW**^* K*»l 2 O^MSt^^t, 
ag«#2 0 5 iAU7i2 0 4 irt*ft*«»&ttJStCW 

[0 0 2 0] L^U ISB«c**?a#^±JE©J:57i:C 
MPgll 0 OTIeI8SS«2 0 0 £ C VI P JPI L Tffifg 
lilBSSK^SMILfctC^K 04 (al^WBS (a) 

[0 0 2 1 ] f:t, ^©!SHS:IBfiir^fca6lCCMP 
J&BL&[sIKStt2 0 0©«ffittS6€:*»IB#75«»«^ 

m#2 o 5<^ai0eicja*jttwsT«>ixD— >^ 

[0 0 2 2] :©XP-y3 >^-r-V ~>>^<£>J^I2£*: 

&wmtf&mmmz±ommi,fz£z?>. mmia) iz^ 

■TctolC, 0 4;6*S8ffiT**T8l«#2 0 5 

rt*W*S*lfclsl»a»2 0 O0D^B(C«1^2 0 6**tt» 
dtf>$g#2 0 6(Bfc«>t;:A'J7R2 0 4 

m2nz>t2izmmfc2 o 5d<ja«ncwBsn*^t** 

[0 0 2 3] ^<0»*2 0 6<7)5E*BHS:*K 
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# $ n T t > S fcft , d CD Wffit^^R u d> <E> S: 5 * ^ 
*2 0 5iRKLT*#2 0 6**5E£LT<a5 C<h7^J 

[0 0 2 4 ] ±JE©»H€:**T*fc»* *R9!?tt» 
m^2 0 5<DW®ie^<DU >X^iCi^>gfe^P#m^5ifi 

-rajwtsiff :wmi#2 0 6 

£T5^iBTff, CMPfflao>Hfrffl^ra*«»Cia 

[0 0 2 5] Sfc, *ffl"fcArt*»JB¥ 11-3155 16 
10 0 ^ LTIiiS L C M P gf 0.C M P /t»J 
7Hg2 0 4W*«"5l/^>BO/Vy 1 -2 0<hX 

[0 0 2 6] KBS«i«*SlC*B 

Dfg#2 0 6#JE4-LT»t#2 0 54:iO-ya >^ 

[0 0 2 7 ] O£0, «(OCMPgf 1 OOi^ii^tEj 
KS«2 0 0©CMPjSllT*U2ll«:2 0 5<OXO-y 

[0 0 2 8] *ftWte±i£<D±5tef&miZ§&&XU£tl 

iht*«CMP*tt*itf81, £<&C MP 
*o *£g £ f \\m L T y v > >ga^ £ *lElBfi£jS:SFi£*3 

{0 0 2 9] 

ntzm^m^o^mizm-m^^m^mm^m 
50 »3w«^ia^ffljET*jaLT««Bi^«aj-r**Ty^ 



16) 
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'j rm^Wi gts. -e-lt. -©wgaftfcfEiBS-tt© 

U > * * ft * IHtt*** © «B *«H*# 

[0 0 3 0] ^©CMPgttiSCMP^TH A* 

ffi*^a*"T-rf f^-ft a ft •& © t-. mnfo t mmw l<ok 

CftrtVN'U7HI©ffigjyiifilCl&3iaft£. 
[0 0 3 1 ] ±&©J;5/«tfS9I©flS©&JI<i:l,T 10 

«, *fra*wsT*iiiBS«<B«ffl©»ai:. ;:©& 

^aft-5. '©*£"&. — ffl©/t;/ HSB«lCJE«$#fc 

@K*«*»»a-&*^itt<. mn&<vmm tt&mm 

ft. «#*k©fc*»::#ffl©&**£iitaT£&Mt>&t>. 
{0 0 3 2] SMt#*r«ff*"r*i:*H;iaK*«© 

t # ic « hibsm © m m iz / 1 •> >* mt tmm. tc $ ft 20 

©HE;&a*«^l£F^K«fc90lf5aft3©T, I3BS«©W 
a£Ti#<k£&#£©H^©fl^7^--<B©A-;/ KSBttT 
JIWmfTaft*. 

[0 0 3 3] *f«<*£P^-f -SlHlBS#©3tB© 

•*iga*Ay K8BttT-|gfTaft. ;i©Jgi®Ill*£©i&Sj&ic 
<fc-5ii?f?"fk©iSSi§<h. c©iiS#{kifi3£©U>Xi£l;:«fc-& 
SfejfW^jgi. #"-fi<D^->HW-C!tlff aft-5. d© 

-« £ . - <i cd y 7 -> « 1 c ft « $ -a- fc [ei b a « & & §s $ 
#t* s a^ici5ff aft. m?t>ftcofe«?)(c#fflcosi5«s-ii 
[0034] ifc, ^m»«rW«i-rsiHi?ss«©^ffico 
ffi-m<r>/ty KSB«T*fif$*i, z\<Nm<tw.'&<v>)> 

[0 0 3 5] *&, 3|«#*W«-r*t*«lsIIS*3»0!) 
EIK*«co»SJC/ty HgP«74i{S)£«CEEJ*StX-5. C© 

it£-~2<DHFmtf-®v>^v vmi-cmmzmftzti 

-5 c 

[0 0 3 6] *5E^C9ffiC0CMPSgSJC<t«.CMP^£ 
/\'U7BI$r^LT^m^^*ttfg$^TU-5(ElBS«©^ so 



40 

fFg&tflftJ&a n§®BS*rcogffi;$-m-Hf^^:^S5 

4. o^ui. -cows$nfciHiBS«cosffiic.m-u> 

IUTft#T4. COflTSaftfclsIBSM©?? 

T«»LTJ«li*<fc-r*. o#*ic> d©if#{fc^tifc-tH)B 

T. c © U >XiS*s«^.nsimB*«©^iBS:igz:«t 

tifclaIB*«©affilCjB-««&^&**??rft©WJiaE*« 
^■T-5©T. C©Wgi£rt<#MiSaftS.|IlB***<D*®£ 

'jTiwsts. f lt, ci©p«.snfc@Ba«-© 

[0 0 3 7] i <i9C M P git; i ?,C M P A' 

u 7 §to«ataj-r •& * T»t»iWia nfcisiB*«©* 

B^ffiS>&T}t?M:aft-5©T'. *i#ifS«i«S 
«J=J:0«(***K*-LTlHlB*««)*ffiJC«#-LT*>. 
ZftjJVN'D 7BI©P®£Jtliai;:fifc£aft£. 
[0 0 3 8] ±^©i^&^iffli©ii.ttT 
13, igmte£ffi^T£iaBStt©SB©&j©<h. c©« 
igifi«© l J>X}«fCck^m-lEie©gt#©^jgi, c© 

^©u >x*-(Ccfc-5m-iei@©gt#©^jg<t. *^-<i© 

ICBE»S*fcBB*tt«:»»a#*::i&<. ««{*© 

[0 0 3 9] Sfc. 3|«flc€rW*r «■£#«©»*«© 
— Is) g ©Sfc#.£ © £ IC «!hIBS«©^B{C/1 

a ft-5 ©T, lelBStt©WS t i^lbift^WHO® 

[0040] ztz, «m^^w»-r*-iEiBS«-©^B© 
ist u >7>}g^i'&m-@.B©gfe#©«gji£^-e©y 

7vS8«Tilfifaft4. d©lf£. -®©y^->g|5«tr 
»ttS-efc@B*«*»»S-1i-*^-t/i-<. U >X»c 

«tXMt:ikff aft. it #<k©fc«6i'#ffl©aBtt<&.iisu-r 



(7) 
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[0 0 4 1 ] *fc, W«#«:W«-r*lElB*«<7)*ai«) 

lEl&SttOSIffitC/'W K««*M£EEtCEttS*a*. ceo 

[0 0 4 3] Sfc, SW^Cui^fto! WfifflWW 
«<k«*36**«rSftT45 0, :OfflftSI)iCutfl!) 
S^iCcfctJSE^UT @BI« <D S S tC » U:Cu #« z'o 

c u ti&.isswtc c u «raMfe<z>Mtt**% 

»S«icJ:*»#ftTCu#«16<Dfi«ttl»*Stl*. 
[0 0 4 4] Sfc, *)>7>tfMfittofrfrP>U0* &WMLtfi 

[0 0 4 5]'&*3v.*58«TS541?ail "toimifc 

£9 xi >b e a-* ©rt«lc*SS*ifcBfr«<0*«. -tt 
[0 0 4 6] 

0 0t>" -ff*«iLT«*LfcCMP8tl OOtH 

nx&o, gi2(c^"Tct'5ic, saagi**4 o i tsa 
[0047] mwmm*& 4 0 1 11 m-mm^^y h ^ 



4 1 l i«-W«3L- y h 1 1 2 i«B»IB»J.ziy b l 

El 0.0-£teffliSLT. m-Wm^-y h-4 1 1 
«*S^aT«4fflffl»JS4lfc«4 1 2^ii»a^^T45 0 v 
^<0«La«S&««4 1 2«, 7>^x7iWb^^) 

[0 0 4 8] nttfMfllKB 4 0 2«, \,\t)*S>Z>zi 

£C PU (Central Processing -Unit) 4 2 H:, M7>^ 
<> 4 2 2 tl<t 0 v ROM (Read Only Memory) 4 2 3. 
RAM (Random Access Memory) 4 2 4. HDD (Hard Di 
sc Drive) 4 2 5, FD (Floppy Disc) 4 2 "6 **3£*jl-ft 
iCfi«S.*l4 F DD (FD Drive) 4 2 7, -CD (Compact D 
isc)-ROM4 2 8^igSCg«^^CDH7< 

K4 3 2, jfrff I /F (lnter<face) 4 3 3, 

[0 0 4 9] *^860»®9<:.MPfiK4 0 OTte, «R 
OM 423. RAM 42 4. HDD 4 2 5, Zc&'&ft.U 
F D 4 2 6 , ^6^ CD- ROM A 2 8 , #<D/\— 

K^x7 ft<1IMRBtt «t mt tBSt, :tlb<0 < £ 
-ICCPU4 2 1 ©fc<)fl)l!l»7'Cy t 7^Slf- 

[ 0 0 5.0] #JAtf . C P U 4 2 1 tt#«<0«alftfkfc 
Hff-S#*M»:/oy?A«, FD4 2 
M4 2'-8-(C*ffitCttW3*aTl^. :©i3&V7fv 
x7«HDb 4 2 5 tl^mTiC-r >X h — ;l,£ftT*3?K 
B^SBI»3S«4 0 2<DTgtbB?tCR A M 4 2 4iCft9£*'L 
T€ P U 4 2 1 lZWt&iR*>tlZ>o 

{0 0 5 1 ] ^(D^oiZCPV4 2 1 tfiMJEtettif? 

0, *SSWIWCMP3Sli4 0 011 »— W»# 
lfcaWlC*«-LTt>*. 

[0 0 5 2] ±a©»a^s:ja, r am 4 2 4 *c««f 

Sntt^»J»7'D^7Al:JiifvtTCPU-4 2 1 
SS1W4 0 1 Oft»€:»fP»iJ»r**«lC«a.L, 
»-H9W^fttt, W«xl-^ M 1 1C0W®«^« 
«1 2 1 tCi _0W«aE**ttl6Stl4/1u/ KM 1 2 0^ 
EHEBftS^ dCO/Vy 1 2 01Z©B.**f -2 OO 

^4 (psiXDigGE{C^$#T^iS$#^>c 

10 0 5 3] H-ffiSf©:*01S 
i^TLTJB-JfBxx 7h4llvOU >^«&*« 1 
2 2iCctO U >^i«^4ft^$n^/Vy H^«l 2 0*® 

2 pi:flKit!2D'0« 

1 (psi)CDi£EE^EEJ*$1±T«ii$#^>c 

[0 0 5 4 ] J»#<t¥S«i, 
S7-LTJB-RSax7>4 1 1 4 1 2 

(C J: 0 «ia*^«fe|&S ft * ^ H SM* 1 2 -0 «@^BSb 



<8) 



- 14 13 12 
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Z<D/*y F«»l 2 OtC|Hl8SS«2 0 0*1 (ps 

1) co{£f£lcJ£i£$^T^i®2^£ c 

10 0 5 5] W*ft*RCJ:afll#ft 

2 2 (ci o u >x«**«*ean*/v;/ ksm* i 20^0 

(toffilKlS-&. -O/t^ FSB*} 3 2 OtClEl88Stt2 0 0* 

[0 0 5 6] »—W**Sl!* J: 

tt. Iff»l0«|^-»laz7 h 1 1 2T*2»i 

a. 

[0 0 5 7 ] :©«t5&77 h^xTH «8«^tt« 
Sft4/VyH«tt] 2 0*iateK»Sl£TIII»»#2 0 
0*4 (psi)(03SBETEEttS1i-*Ci. :^g^7 

£i*T[eJSSS**2 0 0* 3 (ps i) OfiJETEEffiS r 

1 2 0*rlEieEB!i$-frTlHlBSaM2 0 0*1 <psi)0D{g; 

fitt&SJhS/V;/ KfiB«l 2 O*l^gffilb£i*T0g&S« 

2 0 0* 1 (psi)<^)iSEET'EE«S-&SC^, ^(^JSSKj 
<£*CPU4 2 1 #(C^ff $^S^«)OSSll»^ay^A 
£LTR AM 4 2 4 «¥©««E1fttt*Hc*SlflSnT^ 

[0 0 5 8] ±J6(7iJ:'5&«iaic43liT, #^SE ^ 

ira«(c*WlilK««coHi2aeT**lllK»«2 0 0 
^CMPgS4 0 0JCiKA£ft£<9T, :WCMPgl 
4 0 0X11 E! 3 iC^TJ:^^, *ASft*@&Stt2 

T/T 3 } c 

[0 0 5 9] Z (DWZ-Wmo.- 7 h4n til 

f^tc[Hig^ffij$n^/vy fbmu 2 o<D±mizwmmt& 

mm 1 2 3 ^6W*«*<«*SS*l. C<7)/Vy KS6« 3 2 

oco±Hir[ugsa«2 o 0^4 (psi)©iSJEtcE«$ft 40 

TgfiSnSOT, ElKfitt2 0 0ttMU7R2 0 4 * 

8ffit^iT«i*2 o 5-*«w*sft* ut^^t 

2) . 

[0 0 6 0] o^:, :^-9f*aZ7h4 1.1T 

HBUtti 2 o tc jEf££*iTo>£iHi&a 

«2 0 0(OE*** ; 1 (psi)CD<£JE£T&M2ft> dtfJ/t 
V Kffltt 3 2 0©±BSJCU >^«*&*« 3 2 2 ^b'J> 
*S*MI«g3ft£>G>T, C*lTWB$tlfclHKS«2 0 
OcbiBkffifimft 2tl% U77^T 3) e 
[ 0 0 6 3 ] fit, **«<0»!I©CMP814 0 0 50 
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Xlt -«*«ittfiILt, JtiS«)J:5^IB-W«3. 
-7H3 3 TOW«t*#t*«^7Ufc(Hltt*«20 
0*SBz:waii-u/ h 1 3 2 3l*jK*lB 
-«faz 7 F 4 i 3 T*mmtt&t®£<£mf7?2>o 
[0 0 6 2] OtD, r0^-fgaz 7 h41 3 T 

mct§/t 7 fbrwi 2 oicjgE«*tiTi>*-iatt* 

t}2 0 00)EWil (psi)0)ttEE*CKI««.*lfc**', d 
©/t7 FSB«1 2 0O±H«cMfltt&«*4 3 2*>6.« 

S ft a G) T ; ctlXW ft T JfelME ft&H 
Kl«2 0 0-©«B*<}»»4tS.ft* UT7^T4) e 
[0 0 6 3] $ biz* m&fZrty FS6« 3 2,04CjE£ 
SftT-l>*-®ttS# 2 0 0 OJE*« 3 (psi) Steffi tr«l 
»Sftfc4*. CKD/Vy FB6« 3 2 O<0±ffi : tC»J >A« 
*S««5 3 2 2 36*6 U >7»BSM$n^^X, wft 

[0 0 6 4] ±i$tf) J: O CS-lf^Z y h 4 3 3 X*<D 
fflS^7LfcfHJKS«2 0 0«JB— - y h 3 3 
2 ST»iSnar7yT6), £lT««E3fei B-Wdll 
Zii2Z 7 F 3 3 2 ^AU7l2 0 4WI^ffi» 
(£*;x-y hi 3 3X^#^i:^M^7^tl^ e 

[0 0 6 5] *HJS<75^(DCMPSS4 0 OlCiS'C 
M P*ttTti, ±y£<D& o tt*«iH«KC/X »J 71 

204 *«ana-r**T»«#2-o 5«i$.nx36^, 

0 2#«mT*STAU7.Bi2 0 4 *«W*4S.ft 

tiiffiit lt. 2 0 5 

fclHlBS« 2 0 0©*ffl#ffl3*T»#<L£4aT*>S/t- 
U7I2 0 4#»FB$ft*. 

[0 0 6 6] CCDtS^<tTtl7>^— 7««?*^6^^ 
«La«^tt*SSft*lsH»S»2'0 0^SI^6ET/t 7 
FSGttl 2 0-tCct0«aSft*OT, W#2 0S«lf 
e«£a>KJt>«;:«k 0 55*CT®K*« 2 0 0 ©*8i^(* 
«L&«gfl?2 0 6*««*^*A-S*14. 

[0 0 6 7 ] Z<Dfz*b. *Hffi(O^i(Z)JCMPgl4,0 
OCcfc^CMP^m IeISS*«2 0 0<OA t 'J7«2 
0 4^«fffiS^t#, l§!»a«2 OOO^S(r«g#2 
0 6#SffiL&^CDT% 3f«#2 0 5txc-y3>'^ 

>'>2/**5B£ls*». zco tt«>. *nm<Dmm<o{Ei 

ttlcnatS^^Ti, * <a ■ fflK#«* - *i r a 

[0 0 6 8] *^JfiO»ffiT'ttS}«.«:2 0 5 

u*^e»&o, wB««*«<fc'&«b7&^w.s-ftTt^<D 

T\ ^©SJSCt 0 C u 2 O 6 ?i^4iX 

1hIBS«2 0 0'©affi-iC#*-rSA«, ft»«*«7>*=. 
7««*^e>tt^cOT. C.ut«»<^»2 0 6*fij?f 

«ia«^»^ftfc««: 2 0 6 fti'^fifrlCttftt* - 



19) 



$#53200 2 - 1 4 1 3 1 2 
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[0 0 6 9] &mi&<Dftm<DCMP%iW4 0 0 IC 

J:^CMPA"iiT11 H««l 2 0lCJ£^a 

■&fcElB*«2 0 0 6»li3*4^ta<, if<*2 0 

[0 0 7 0] fttC. j*«iC*ffS*l«JB— ©ft#t«f»- 
ftt*ri©ft#iT, AW K8MH 2 0£HR.l«t2 0 

B*tt2 0 0 i<BEEJ*«««#2 0.5©W*TttB5EE£ 

a*u a*ic*ffanft»— ©*#t«i»fl:t»— oft 
[0071] a^ic, **i^i©CMPgf4 00 

CMPgI4 0 Ott«iS*<IB*lT»0, «3KKJt«LT 

[0 0 7 2] fc*3. **S#ttHIRtCl«l» 2 0 3 
/^->T^JESL^IHi?SS«2 0 OSrSSfl^U -SE*W 
t*3U60^ffitCDCMP*&T-[plKStt'2 0 O^ffl^ 

2 0 5 ©#*ftIO-y3 >^5^-T v>^aE^"T* 

*3B©^ttTtt8l«# 2 0 5©ID-y 3 >^ 

->>i/S:3t»JcHy«Tfrs^t^«ii8a^ifec 

[0 0 7 3] a etc, ©CM 
P*ttTimB*«2 0 0£fflSLTyv->>E»(Z)«a 
»^->OE«ifl2 0 0 
Ttt, 04 (allc^tJ;^!:, ffi*<0#^eCMPJflJB 

(b) iZ^J:oiz. *3B©^ffiTCMPfflJITSi^ 

fee te<7>A**-><B@tt*«2 0 OTfc, 115 

>E«Oli»tt»*3&«-*i:«J:*c:i***l8anfc. 

[0074] *«wii±aE»ffiiciE^ati^fc<D 
m?z>» ±E»«T.tta*ocMP*«i oo 

<0|(S-ffl«:i- y hill lC»a(ft*&««4 1 2 SriiJD 
*©JH»«a--yh4 1 1 #lElffi»« 2 0 0 <B» 

ii2o 5<Dmmtm-ik#kmmttm-ife»£f:m 

[0 0 7 5] Lt^U i6CM*t5CMPgl30 0 
(Bct^lC* *— W«a^y h 3 0 1 i»— h 

3 0 2 fc»-ffl«:u^',y h 3 0 3 tfS— ft#a. - y h 3 
0 4t*ft#R«az7H 1 3i£t>lc»»l;:E*y-r 
Sc'tfepI^Tfe^o :©CMP813 0 0TI1 f§- 
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^zWiaz7 h 3 0 1 , 3 0 3 «, /t? H»« 1 2 0 
tWB«"«S««l 1 2 1 4TH»1«2« 0 S«iL, ■* 
-»ilaz7>3 0 2, 3 0 411 ^7«3 1 
1, 3 1 2tU>X«|g««|i 2 2, 13 24THB1 

«2o o^a^-r^c 

[0 0 7 6] fcfcU -t<Dft— ft#3.=.y h 30 213« 

4 1 2^tt€>nTt^oT% a?c»t 
ctotc, ft»jL - ^ h (S^n =e@»**J 2 

o o oiB-ft»t»»{tt*— *#^*ji««c*fTr 

io :^S&fc0!SI«2 o O0iM4S-*S-Sc# 

SS-fti» £ »»<t £ » - ft» t ifcaiHKCWT^* * O 
T\ CMPffl31^ffi^omMiCllff-r^C^^T# 

[ 0 0 7 7 ] i6i:«^L/cCMP.gf3 0 0(D 

mmm&mffi 4 1 2 s*-ft#azy h 3 0 2 t-&< :-ss 

-9ffaz7 h 3 0 1 ICS!}; ISC^tipC, »— 
ft^J.-^ h 3 0 2TS-ft^tl»S82 0O* 
20 »--»Sa- >y h <@^"T) *^H*»»a^T-«.^t 
£*fir U £ ©?*it>ft a.tt&Btt.*# 2 0 D*»-ft.» 

-L- y h3 0 2*T»it»»a-&T»— ft»-r^zi.fc 

[0 0 7 8 ] $bC, ^9l;^TCMPgl5 0.0^i 

oic y^->^5 0 1 -&&a0^&«kfli4 1 2*6a« 
pgii ootciitDL, in 1 oic^-Tck^c m-wis 

^ hill -rWJB45J:^»— ft#ati&@B*«2 
0 0 «rfl|»fl:3. - y h 5 0 2T»»4t*5J:^ft— ft»-T 

[0079] mmiz. mi 1 c^tcMPgi6 00^ 

£51Z* 16i:^tfcCMPti3 0 O^bMM 
i«4 1 2 *»»LT«ffl0»#fl:az7 h 5 0 2 62 
»UU HI 1 2 (C^Tck^iC, ^-HaZ7 h 3D IT 
ii$nT*~«az7> 3 0 2T»— *l*SftfcH 
J&Stt 2 0 0 6il9fti^ y h 5 0 2 fl L . Z.~<D 
»»ftatlfc@B*«2 0 0^-»az 7 h 3 0 2 
*TS«»»aitT»r:ft»Vs^ifc^1IB^«& 
in 

40 [0 0 8 0] ^/c, JLB»»Ttt»«<*.2 0 5 **5ff«a 

tix'j >xf*T»— ft»atifciaB*«2 oo&«a®f« 

Tmr^fb LT^ 6 U >^«T»- ft»T * z b 

±JfL&CMP«16 0 066H m-ft#^L- 
7h 3 0 2 tmmt^y h 5 0 -2i®SMS»eS 

«MM:anfceB»W2 o o^-x^tfttf-rtttf 
Km 

{0 0 8 i ] a ±E»f* n «i*«4>-2 0 5tA'J 
so A ^ H 1 2 0, 1 3 0iX7'J 5«BiSi 



110) 
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[0 0 8 2] ±.%ZWi?^\*mtt-W®%iW.4 0 2 CD 

RAM4 2 41ICV7 h 7 <h UT*S^$ nt l^faj 
»yD^7Al;foTCPU4 2 1 A^f1:-r-5>-<i:lCj; 

t>DjB&T*D. -MV7h^i7<!:LTRAM4 2 4 
[0 0 8 3] 

[^^C053i^] *^BJcDCMP^glCJ:-5CMP7jjiT 
IS. ^3fc<t|B]«lC. WS^£ttS&tfc#e,tE]gSStt©3f 

[0 0 8 4] tfc/c. ±»©J:3&»0§©te(DSM»-£LT 

?f#'ft; J ^8t^^^lit(C^ff-r-5Ci:*5 T $?)COT'. CM 30 

ffl©g5«SrjiSDT-5'iMit>!il'^T, CMPgig©#fil 
ZmmftZZttfT'ZZ. 
[0 0 8 5] Sfc. lHl!S*tt©flli*<t*«ft»i:it>iC^ 

7 -> SBtt -e^ft $ n s c i ic «fc o . :/ ? •> »« »= »« $ 

nft-r * z t #t # . m mt © fc* tc ^« © £ m m 

too8 6] igKa«<cffiSE$n-5-«a©/t-> k 
mt<Di£f}tfttmi*s®iz£r>mmznz>z\£izjir). m 
ssaw ©we t m mt t vt® t ©ho © &m <& -m © n 

[0 0 8 7] Sfc. *t#*«Cu*»660. 

tcut ©s^tct o c u mm^<om^m^ t teiss 
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[01] *aWOja®-»S©CMPStCt5CM 
[12] <:MPmm<D±Wffim&7f:-t7<l-y?mX'& 

•So 

[0 3] '*36i_ffi*i-OC M P ismz £ 5iffl:©ia 

4 ] #Ig £ © CMP J5tixiz£ 5 ^ V > >fBS& 
©l&ffiintf^^T^tt-llT'&S. 
«5 ] *^<t«E5t5 <£: ©CMP JSi&iZ J; -5 •> 

is 6 ] g§-©^#j© c m p mm&^t 7*3 y pirnx 

[0 8] 3B-©**«OCMP*ffifc^-rg|S5gl=C* 

{01 0] SEO^i«(OC M P * MitSSSt$) 

fil 2] SBra<D«*«c©CMP^«**T«aH^* 
101 3] !6-a)«E*«l0<; M p S.I**t 7a 7 
[0 1 4] 9L—mm=L~v h©rt«M»it*t»«HT 

t0i 5] cMP»asn-6isia*«**^r3:.seei ,! cft 

{0 1 6] *-©tt*«IOC M P*i£t *t8*BT* 
[0 17] CMP«fflT3Fft*»*Lfciatt»<*«:*-r 

[^oiaw] 

1 2 0, 1 3 0 /^yHS« 
12 1, 13 1 

12 2, 13 2 U>Xft|g« 

2 0 0 ElBitt 
2 0 1 (ElgSSttt 

202 mmm 

2 0 3 DM 

204 ^orm 

205 mm& 

3 11, 3 12, 5 0 1 7^->gBtt 
300. 400, 500, 600 CMPSi 

4 1 2 
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r 



130 131 
112 



cxru 

6 




li 




■ 














cu^v 






i 






1 






















1 


















4 






















/ 

i 




i 




































i 























m i o ] 



4? 



I 
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1 6] 



4r " 



SI 



V-S3 



~S4 



. S5 



WS6 



S7 



<V2) 



*«,H)2 0 0«2 -14 13 1 



[14] 



m 5 ] 



1 -2 ] 



*5 
60 
80 





C 05 ft 

SHEET 



06 0,07 .0.0E 0.09 

RESISTANCE (O/sc.) 



ss 
it 
ao 

70 
50 

90 
70 
ID 
5 




0 06 C O* 0.07 o oe c o> 
SHEET RESISTANCE (O/sq.) 



i 

1 
1 

a. 

(a) £ 



(b) 



9S.9 - 
09 

95 h 
90 

80 

70 

W 

30 
20 
10 
5 




- 6.0/1. Mm, 
-4.0/1.34*, 
-2.62/1.34* 



.01 
0. 



99 

9i 

90 
80 
70 



0.05 0 06 0.07 0 06 0 09 

SHEET RESISTANCE CS/sqJ 



-20/2* 
- IO/2u> 



0 0£ 0.06 0 07 COS 0.09 

SHEET RESISTANCE *Q/sq.) 
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